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Objective The  goal  of  this  study  is  to  establish  normative  tooth  crown  size  
(mesio-­distal  width)  data  for  the  Chickasaw  Nation  and  demonstrate  how  it  
relates  to  Caucasian  standards. Background:  Tooth  size  ratios  represent  a  
diagnostic  tool  that  allow  for  a  prediction  of  treatment  outcomes.  A  proper  
relationship  of  the  total  mesio-­distal  width  of  the  maxillary  dentition  to  the  mesio-­
distal  width  of  the  mandibular  dentition  will  favor  an  ideal  post  treatment  
occlusion.  If  a  patient  has  a  significant  tooth  size  discrepancy  between  the  dental  
arches,  alignment  of  the  teeth  into  this  ideal  occlusion  may  not  be  possible.  
Patients  commonly  receive  orthodontic  treatment  to  correct  a  malocclusion,  and  
  viii 
upon  initiating  treatment,  goals  are  set  to  an  ideal  standard  established  for  a  
patient  population.  Evaluation  of  the  historical  data  reveals  that  there  is  little  
detailed  knowledge,  with  no  ideal  or  normative  standards,  for  certain  patient  
populations.  This  is  a  current  issue  presented  to  members  of  many  Native  
American  tribes  across  the  country.  Dentally,  Native  Americans  have  been  
classified  as  having  broader  faces  and  larger  dentition  than  Caucasians,  but  
there  has  been  little  detailed  investigation  into  the  field  to  substantiate  these  
claims.  One  such  population,  the  Chickasaw  Nation  of  Oklahoma,  has  no  
published  data  regarding  dental  dimensions  or  facial  proportions.  A  detailed  tooth  
crown  size  analysis  with  published  information  has  been  conducted  on  less  than  
1%  of  the  562  federally  recognized  tribes  in  the  United  States.  Moreover,  
measurement  and  examination  of  tooth  crown  sizes  of  the  Chickasaw  Nation  
tribe  of  Native  Americans  has  not  been  attempted  and  normative  tooth  size  data  
does  not  exist.  
Methods:  We  conducted  a  study  on  a  random  sample  of  63  pairs  of  study  
models  from  citizens  of  the  Chickasaw  Nation  of  Oklahoma  to  determine  the  
normative  data  for  citizens  of  this  tribe.  All  participants  had  a  registered,  certified  
degree  of  Indian  blood  quantum.  The  mesio-­distal  tooth  crown  widths  were  
measured  to  determine  standard  values  for  each  tooth  and  the  segments  needed  
for  analyzing  the  anterior  and  overall  Bolton  ratios.  In  addition,  the  maxillary  and  
mandibular  intercanine  widths  were  recorded.  The  measurements  were  
compared  to  data  from  Caucasian  adolescents  in  the  Iowa  Facial  Growth  Study  
to  determine  if  there  were  significant  differences  in  tooth  crown  widths  or  Bolton  
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ratios  between  the  two  patient  samples.  Results:    The  initial  measurements  of  
the  Chickasaw  Nation  Sample  dentition  enabled  the  establishment  of  standard  
mesio-­distal  tooth  widths  and  intercanine  distances  of  tribal  citizens.  Comparison  
of  the  male  and  female  dentition  demonstrated  males  have  significantly  larger  
mesio-­distal  tooth  widths.  Comparison  of  left  vs.  right  side  like  teeth  in  the  
Chickasaw  dentition  demonstrated  significant  differences  in  males  and  females.  
Evaluation  of  the  male  and  female  Chickasaw  dentition  vs.  the  Caucasian  
normative  values  demonstrated  the  Chickasaw  dentition  was  significantly  wider.  
A  significant  difference  was  also  found  in  the  Bolton  ratios  of  the  Chickasaw  
Nation  Sample  vs.  the  Caucasian  standard  ratios,  but  the  ratios  fell  within  normal  
limits.  Conclusions:  Establishment  of  standard  mesio-­distal  tooth  widths  and  
tooth  segment  widths  for  the  Chickasaw  Nation  of  Oklahoma  has  demonstrated  
that  there  is  a  significant  difference  in  the  tooth  widths  for  male  and  female  
citizens  of  the  tribe.  In  addition,  there  is  a  significant  difference  between  the  
established  Chickasaw  values  and  the  Caucasian  normative  values.  The  results  
indicate  that  the  mesio-­distal  crown  diameters  and  tooth  segment  diameters  were  
consistently  larger  in  the  Chickasaw  sample.  The  newly  established  standards  for  
the  Chickasaw  Nation  will  contribute  directly  to  correct  diagnosis  and  treatment  
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Chapter  1:  Introduction  
 
1.1.   Dental  Characteristics  
 
   The  subject  of  tooth  size  is  a  well-­studied  aspect  in  orthodontics  that  
directly  influences  the  final  treatment  result.  The  ability  to  align  the  teeth  in  the  
dentition  to  intercuspate  properly,  is  a  direct  result  of  the  size  of  each  tooth  and  
how  each  relates  to  the  size  of  the  same  tooth  in  the  opposing  arch.  Specific  
proportional  relationships  must  exist  between  the  maxillary  and  mandibular  teeth  
to  ensure  proper  occlusion,  with  an  ideal  overbite  and  overjet.  In  order  to  
determine  these  relationships,  tooth  size  ratios,  which  represent  a  diagnostic  tool  
that  allows  for  a  prediction  of  treatment  outcomes,  were  analyzed  and  
documented.  These  ideal  ratios  ensure  a  proper  relationship  of  the  total  mesio-­
distal  width  of  the  maxillary  dentition  to  the  mesio-­distal  width  of  the  mandibular  
dentition,  and  will  favor  an  ideal  post  treatment  occlusion.  If  a  significant  tooth  
size  discrepancy  between  the  dental  arches  is  present,  alignment  of  the  teeth  
into  an  ideal  occlusion  may  not  be  possible.  1,2    
   G.V.  Black3  initially  measured,  evaluated,  and  recorded  the  widths  of  the  
teeth  in  each  arch.  These  recorded  values  are  still  currently  referred  to,  and  
serve  as  valuable  references  today.  Following  Black’s  initial  studies  into  the  
quandary  of  tooth  sizes  and  arch  form,  further  analyses  of  tooth  crown  sizes  and  
ideal  occlusions  were  conducted.  These  studies  focused  on  the  effects  of  
different  tooth  sizes  on  malocclusion  to  determine  correlations,  trends,  and  




and  then  analyzed  the  mesio-­distal  crown  diameters  of  the  teeth.  Based  on  his  
results,  he  advocated  the  stripping  of  the  interproximal  surfaces  of  the  teeth  
when  a  “balance”  of  the  maxillary  and  mandibular  dentition  failed  to  exist.  Neff  5,6  
and  Bolton1,2  further  expounded  on  the  tooth  size  analysis  studies,  and  
subsequently  devised  scientific  equations  capable  of  determining  the  proper  
balance  of  the  maxillary  and  mandibular  dentitions.  Neff  5,6  measured  the  mesio-­
distal  crown  diameters  of  the  teeth  from  the  anterior  regions  of  the  maxillary  and  
mandibular  dental  arches  in  200  cases.  He  developed  an  anterior  coefficient,  the  
sum  of  the  mesio-­distal  crown  diameters  of  the  maxillary  teeth  divided  by  that  for  
the  mandibular  teeth,  and  directly  associated  the  coefficient  to  varying  amounts  
of  overbite.  Bolton1,2  compared  the  mesio-­distal  crown  diameters  of  the  maxillary  
and  mandibular  dentitions  and  developed  predictive  ratios  of  the  mandibular  
dentition  to  the  maxillary.  Both  studies  were  able  to  determine  the  correlation  
between  tooth  size,  and  the  proper  proportions  necessary  to  obtain  ideal  
intercuspation,  overbite,  and  overjet.  
1.1.1.  Sex  variation  
   While  Ballard,  Neff,  Bolton,  and  Black  analyzed  the  mesio-­distal  widths  of  
teeth  and  developed  theories  or  ratios  of  balance  and  proportion,  additional  
studies  recognized  and  identified  that  there  were  patterns  of  variability  in  the  
permanent  dentition  of  patient  populations.  While  the  previous  studies  were  able  
to  provide  accurate  analysis  of  the  dentition  and  the  corresponding  proportions  
necessary  for  ideal  occlusion,  they  failed  to  take  into  account  the  that  




samples  were  obtained  from  unknown  races  and  unknown  sample  sizes,  while  
Ballard,  Neff,  and  Bolton  obtained  their  samples  from  Caucasian  populations,  
and  failed  to  document  the  sex.  Later  studies  that  identified  patterns  of  variability  
present  in  permanent  tooth  size,  established  that  the  factors  contributing  to  the  
variability  were  sex7-­29,  race7-­29,  heredity32-­34,  and  environment34.  Lavelle  7,  Doris  
8,  Arya  9,  and  others10-­29  demonstrated  that  there  is  sexual  dimorphism  in  tooth  
dimensions,  and  in  the  ratio  of  upper  arch  to  lower  arch  tooth  sizes.  When  the  
mesio-­distal  tooth  diameters  are  measured,  a  difference  in  tooth  size  emerges  
among  the  sexes,  with  males  exhibiting  larger  teeth,  and  females  showing  
smaller  teeth  both  mesio-­distally  and  bucco-­lingually.  These  sex  differences  have  
been  reported  by  multiple  studies,  demonstrating  that  no  matter  the  population,  
environment,  or  heredity,  male  teeth  are  generally  larger  than  female.7-­23  Garn  et  
al.10  found  that  tooth  size  is  approximately  four  percent  larger  mesio-­distally  in  
males  than  in  females.  The  largest  variance  is  found  in  the  mandibular  canines,  
which  were  in  some  cases,  up  to  6%  larger  in  males,  while  the  least  sex  variation  
is  typically  present  in  the  mandibular  incisors.  Moorrees  and  Reed  12,  and  Barrett  
et  al.14  demonstrated  these  size  differences  were  present  regardless  of  
population.  Therefore,  in  any  study  of  tooth  sizes,  independent  male  and  female  
analyses  should  be  conducted  and  validated.    
1.1.2.  Population  Variation  
   As  mentioned  previously,  the  size  of  the  teeth  is  dependent  upon  
population  race,  sex,  environment,  and  heredity,  according  to  published  journal  




Khan  25  have  all  previously  conducted  studies  that  evaluated  and  documented  
the  tooth  size  of  several,  variable,  racial  population  groups.  These  studies  found  
significant  statistical  differences  present  among  the  various  patient  populations  
based  on  race.  Bishara17,18  used  the  Iowa  Facial  Growth  Study  as  a  basis  to  
formulate  Caucasian  normative  values  for  mesio-­distal  tooth  widths  of  the  
Caucasian  dentition.  He  then  used  these  established,  normative  values  and  
compared  them  to  Egyptian  and  Mexican  patient  populations.  He  found  
statistically  significant  variation  in  the  tooth  sizes  among  these  populations,  but  
further  analysis  found  the  differences  were  of  little  clinical  significance  due  to  the  
minimal  differences  in  size.  Even  though  he  found  only  a  small  clinically  
significant  difference  among  the  tooth  sizes  of  the  analyzed  populations,  he  
concluded  that  an  accurate  analysis  to  devise  equations  pertaining  to  tooth  size  
analysis  should  be  conducted  on  each  patient  population  based  on  the  possibility  
of  variation.  Fernandes23  evaluated  the  mesio-­distal  tooth  sizes  of  Japanese,  
African,  and  Caucasian  with  Brazilian  heritage,  and  found  the  mesio-­distal  
measurements  presented  particular  characteristics  in  relation  to  gender  and  race.  
She  found  a  tendency  for  Africans  to  present  greater  mesio-­distal  distance  of  the  
teeth,  followed  by  the  Japanese  sample,  and  finally  Caucasians.  Otuyemi  19  and  
Khan  25  established  normative  values  for  the  Nigerian  and  Bangladeshi  
populations  respectively,  and  found  that  these  values  were  also  significantly  
different  from  the  Caucasian  normative  values  currently  in  use.  The  presence  of  
significant  differences  in  tooth  size  among  different  populations,  based  on  race,  




values  to  be  established  for  each  patient  population  in  order  to  ensure  proper  
diagnosis  and  treatment  planning.  
  
1.2.   Bolton  Analysis  
 
   In  1958,  Wayne  Bolton1,2  developed  a  technique  that  analyzed  the  mesio-­
distal  tooth  size  ratio  between  maxillary  and  mandibular  teeth.  Bolton's  “analysis”  
compared  the  total  mesio-­distal  widths  of  both  dental  arches  from  the  distal  
surface  of  the  first  molar  to  the  distal  surface  of  the  opposing  first  molar.  In  
addition,  it  analyzed  the  anterior  segments  of  the  arches,  which  consisted  of  the  
total  mesio-­distal  widths  of  both  dental  arches  from  the  distal  surface  of  the  
canine  to  the  distal  surface  of  the  opposing  canine.  Bolton  evaluated  55  cases  
with  “excellent”  occlusions  in  his  study,  with  44  of  the  cases  treated  
orthodontically,  without  extractions  and  the  other  11  cases  untreated.  Following  
the  study,  he  concluded  that  it  would  be  nearly  impossible  to  obtain  proper  
interdigitation  or  coordination  of  the  arches  following  orthodontic  treatment  
without  establishing  standard  mesio-­distal  tooth  size  ratios  for  the  maxillary  and  
mandibular  dentition  (Figure  1).  Bolton’s  ratios  determine  if  the  proper  
relationship  of  maxillary  dentition  to  mandibular  dentition  is  present  to  allow  for  
optimum  occlusion.  Stifter30  replicated  Bolton’s  study  in  Class  I  dentitions  and  
reported  similar  results.  These  studies  were  shown  to  produce  an  accurate  
representation  of  the  proper  ratios  of  teeth  in  the  maxillary  dentition  to  the  teeth  
in  the  mandibular  dentition.  However,  while  they  were  performed  on  a  




excellent  occlusion,  the  studies  only  analyzed  Caucasian  individuals.    
     
                                                                    Figure  1:  Anterior  and  Overall  Bolton  ratios  
  
   Further  evaluation  of  the  ratios  elicited  the  question  of  whether  the  
standardized  values  could  be  applied  to  different  patient  populations/ethnicities,  
or  whether  independent  ratios  would  need  to  be  formulated  for  each  population.  
Other  ethnicities,  and  patient  populations  were  evaluated  for  tooth  size  
discrepancies,  and  they  were  found  to  possess  significant  differences  versus  the  
Caucasian  standards.29,31  Subsequently,  new  standard  values  for  the  Bolton  
ratios  of  different  ethnicities  and  patient  populations  have  been  established.  
Smith  found  that tooth size relationships are population and sex specific. Their 
results concluded that Bolton ratios apply to white females only, and based upon 
their findings, the ratios should not be indiscriminately applied to white males, 
blacks, or Hispanics.29 Therefore, Bolton ratio calculation should be conducted 
for individual patient populations to verify validity. 
  
1.3.   Prediction  Equations  
   An  orthodontic  tooth  size  assessment  should  be  performed  prior  to  




or  crowding  of  the  developing  patient’s  dentition  is  of  the  utmost  importance.  The  
sizes  of  each  patient’s  teeth  may  or  may  not  be  in  a  perfect  relationship  to  the  
amount  of  space  in  the  dental  arches  present  to  accommodate  the  dentition.  
When  the  sizes  of  the  teeth  and  the  perimeter  of  the  arch  are  not  proportional,  
spaced  or  crowded  dental  arches  result.4,35-­43    
   The  evaluation  of  spacing  or  crowding  of  teeth  is  frequently  associated  
with  measurements  in  the  mixed  dentition,  because  an  accurate  prediction  of  
future  dental  developmental  can  be  made  from  these  measurements.
4,35-­43
  
Evaluation  at  this  stage  of  dental  development  helps  determine  the  amount  of  
space  available  (the  mandibular  or  the  maxillary  arch)  for  accommodation  of  the  
permanent  teeth.
4
  An  accurate  estimate  of  tooth  structure  versus  available  space  
is  necessary  for  making  educated  decisions  regarding  treatment  planning,    
modality  and  mechanics.  Failure  to  fully  understand  the  dentition  of  the  patient  
population  under  evaluation,  could  end  in  inappropriate  decisions  derived  from  
incorrect  diagnosis.  If  the  succedaneous  teeth  are  larger  or  smaller  than  
assumed,  based  on  the  standardized  measurements,  it  will  affect  the  amount  of  
spacing  thought  to  be  present  in  the  dental  arches.  Overestimation  of  the  
available  spacing  could  result  in  increased  crowding  that  will  require  extractions  
that  were  not  initially  deemed  necessary.  At  the  same  time,  underestimation  of  
the  available  spacing  could  result  in  extraction  prior  to  eruption  of  all  the  
necessary  teeth,  at  which  point  excess  spacing  will  need  to  be  dealt  with  in  a  
case  where  extraction  may  not  have  been  justified.  Hixon  and  Oldfather  35,36,  




serve  as  prediction  equations  to  better  arm  orthodontists  with  the  necessary  
armamentarium  to  make  accurate  predictions  on  spacing  or  crowing  in  the  mixed  
dentition.  Each  study  analyzes  segments  of  teeth  present  in  the  mixed  dentition  
arches  and  uses  them  to  predict  the  spacing  required  for  the  eruption  of  the  
succedaneous  teeth.  The  Tanaka  and  Johnston  analysis,  as  well  as  the  Moyers  
analysis  take  into  account  the  mesio-­distal  widths  of  the  four  lower  permanent  
incisors,  and  use  them  to  accurately  determine  the  mesio-­distal  width  of  the  
canines  and  premolars  that  will  be  replacing  the  primary  teeth  present  in  the  
mixed  dentition  arches.37,38  The  ratios  devised  by  the  methods,  and  currently  in  
use,  were  not  developed  for  individual  patient  populations.  The  presence  of  a  
significant  difference  in  mesio-­distal  tooth  sizes,  or  segment  widths  among  
different  patient  populations,  would  invalidate  the  current  ratios,  and  establish  the  
need  for  customized  prediction  equations.39-­41  
  
1.4.   Native  Americans  
  
   Each  patient  population  possesses  unique  dental  characteristics  
and  tooth  dimensions  that  influence  treatment  strategies  and  justification.  Bailat  
stated  “The  seemingly  minor  differences  in  dental  traits  among  and  within  
populations  can  be  of  great  interest  and  importance  to  both  anthropologists  and  
practicing  dentists…these  differences  represent  the  variation  that  must  be  
considered  in  the  daily  care  of  patients.”15  Shovel  shaped  incisors  and  broad  




describe  Native  Americans.15,44-­46  Even  though  these  descriptive  traits  are  
commonly  used,  there  have  been  very  few  studies  that  have  established  
normative  tooth  size  values  for  Native  American  tribes.  As  of  2003  there  were  
562  federally  recognized  Native  American  tribes  in  the  United  States  of  
America,47  and  a  detailed  tooth  crown  size  analysis  has  been  published  on  less  
than  1%  of  all  federally  recognized  tribes.  Also,  few  studies  have  discussed  the  
specific  similarities  or  differences  between  individual  tribes  and  the  standard  
Caucasian  dentitions.  However,  there  is  literature  demonstrating  that  Caucasian  
normative  tooth  measurements  have  been  used  in  the  analysis  and  comparison  
with  the  dentitions  of  other  groups.10,11,13,16-­18,22,24,29,34  
   While  Ballard,  Neff,  and  Bolton  analyzed  mesio-­distal  tooth  widths  of  a  
patient  population,  their  samples  were  all  constructed  of  Caucasian  populations.  
Additional  patient  populations  have  been  evaluated  for  tooth  size  discrepancies,  
and  have  been  found  to  have  significant  differences  versus  the  Caucasian  
standards.  These  significant  differences  lend  credence  to  the  fact  that  different  
populations  have  the  need  for  standardization  of  tooth  sizes  and  formulation  of  
their  own  Bolton  ratios,  in  an  attempt  to  generate  more  accurate  diagnosis  and  
treatment  planning.  Previous  studies  have  been  conducted  on  the  Navajo  and  
Pueblo  tribes  of  the  American  Southwest,  but  research  has  shown  that  tooth  size  
variation  can  be  influenced  by  both  genetics  and  environmental  changes.  Tooth  
sizes  of  tribes  from  different  geographical  locations  may  vary  due  to  different  




collected  from  one  tribe  as  a  basis  for  diagnostic  and  treatment-­planning  
decisions  for  members  of  another  tribe  may  not  be  justified.  
  
1.4.1.        The  Chickasaw  Nation  
  
  
Figure  2:  Seal  of  The  Chickasaw  Nation  
  
   The  Chickasaw  Nation  is  a  federally  recognized  Native  American  Tribe,  
located  in  South-­central  Oklahoma;;  that  is  also  one  of  the  nationally  recognized  
members  of  the  Five  Civilized  Tribes,  that  consists  of  the  Chickasaw,  Choctaw,  
Cherokee,  Creek,  and  Seminole  Tribes.  The  Chickasaw  Nation  is  a  Mississippian  
culture  descended  from  the  prehistoric  mound  builder  tribes  of  the  Southeastern  
United  States.  The  tribe  was  originally  settled  in  Southwestern  Tennessee  and  
Northern  Mississippi  during  the  prehistoric  and  early  historic  records.  They  were  
a  self-­sustaining  indigenous  people,  who  were  proficient  hunters,  gatherers,  and  




of  1540,  when  Hernando  De  Soto  encountered  the  tribe  during  his  march  into  
North  America.  Following  this  encounter,  no  European  contact  was  maintained  
again  until  the  French  and  English  crossed  into  Chickasaw  domain  on  the  
Mississippi  River  in  1673.  This  initiated  a  period  of  European  commercial  trade,  
and  established  a  competition  between  the  French,  English,  Spanish,  and  
eventually  Americans  for  support  from  the  Chickasaw  Nation.48,49  The  Chickasaw  
Nation  citizens  were  depicted  by  the  French  and  English  as  the  Spartans  of  the  
Southeast;;  as  they  strongly  valued  power  and  respect,  rather  than  material  
possessions.  They  were  depicted  as  tall,  well-­built  people  who  were  highly  critical  
of  their  physical  appearances.  They  were  a  well-­kept  people,  with  high,  broad  
cheekbones,  strong  chins48,  and  typically  shaven  bodies  49,  which  were  then  
adorned  with  traditional  painting  and  tattooing  that  accentuated  their  features.  
They  were  a  highly  desired  ally,  sought  by  many  sides  during  the  ever-­
intensifying  struggle  for  control  of  the  “New  World”,  due  to  their  abilities  as  
warriors,  as  well  as  their  hospitality  to  visitors.  It  was  during  this  period  of  
European  interaction,  that  admixture  between  Europeans  and  Chickasaws  
began,  and  by  1800,  mixed  blood  citizens  began  to  appear  and  take  control  of  
tribal  affairs.48,49    
   The  Chickasaw  homeland  was  a  highly  fertile  area,  with  several  worn  
traces  that  enabled  passage  through  the  terrain  more  easily  than  other  areas  in  
the  region.48  These  qualities,  as  well  as  the  location  of  the  property,  led  to  the  
land  being  highly  desired  by  the  American  Government.  While  Chickasaw  




until  1837  when,  after  decades  of  increasing  pressure  from  the  Federal  and  state  
governments,  they  agreed  to  vacate  their  homeland  in  the  Treaty  of  Pontotoc  
Creek.  During  this  time,  they  relocated  west  to  the  Indian  Territory  of  Oklahoma.  
The  Chickasaw  Nation  purchased  tribal  land  with  a  relocation  settlement  from  the  
federal  government,  and  permanently  settled  in  their  current  location/tribal  
service  area  of  nine  counties  in  South-­central  Oklahoma.  The  capital  city  of  the  
Chickasaw  Nation  is  located  in  Ada,  Oklahoma  and  the  current  tribal  population  
is  estimated  at  49,000,  with  tribal  citizens  spreading  across  the  country.47  
  
  
1.5.   Significance  of  Study    
   Common  assumptions  have  been  made  regarding  all  teeth  in  Native  
Americans,  without  a  sampling  or  analysis  of  individual  tribes.  For  this  reason,  it  
is  indeterminate  whether  the  common  assumptions  about  the  Native  American  
dentition  in  comparison  to  Caucasian  are  legitimate.  If  Native  Americans  do  
possess  larger  teeth  or  wider  dental  arches,  will  there  be  a  greater  propensity  for  
crowding,  and  thus  the  need  for  more  interproximal  reduction  or  extractions  than  
their  Caucasian  counterparts?  Or,  do  larger  faces/dental  arches  inhibit  the  need  
for  additional  orthodontic  treatment  entirely?  
   The  most  accurate  determination  for  tooth  size  analysis  to  determine  
crowding  or  spacing  in  the  dental  arches  is  to  use  numbers  based  on  actual  
measurements,  but  the  tooth  sizes  and  equations  for  this  patient  population  have  




maxillary  dentition  to  the  mesio-­distal  width  of  the  mandibular  dentition  will  tend  
to  produce  an  ideal  post  treatment  occlusion.1,2  The  presence  of  a  significant  
tooth  size  discrepancy  between  the  dental  arches  may  prevent  coordination  of  
the  arches,  and  alignment  of  the  teeth  into  ideal  occlusion  with  proper  inter-­
digitation,  overjet,  and  overbite.
1,2,50  Methods  for  predicting  the  mesio-­distal  crown  
size  of  non-­erupted  permanent  teeth  in  the  mixed  dentition,  in  order  to  diagnose  
possible  crowding  or  discrepancies  are  commonly  used.  The  use  of  these  mixed  
dentition  prediction  equations  may  be  inappropriate  in  different  patient  
populations  if  the  mesio-­distal  crown  dimensions  are  not  similar.    
   This  research  project  examined  the  tooth  crown  size  of  citizens  of  the  
Chickasaw  Nation,  establish  normative  data  for  the  tribe,  and  then  compared  that  
data  to  Caucasian  reference  data.  The  results  of  this  study  provide  orthodontists  
and  anthropologists  with  standards  for  crown  sizes  of  the  maxillary  and  
mandibular  dentition  for  citizens  of  the  Chickasaw  Nation.  The  results  also  
allowed  for  a  direct  comparison  of  the  dentition  of  tribal  citizens  to  the  normative  
values  of  Caucasian  dentition,  in  an  attempt  to  evaluate  diagnostic  and  predictive  
equations  and  their  accuracy  as  they  relate  to  this  Native  American  population.  
Additionally,  the  data  obtained  in  the  study  will  be  able  to  assist  with  tooth-­size  
predictions  in  future  diagnostic  and  treatment  planning  models,  by  providing  
specific,  individual,  permanent  tooth  widths  for  this  patient  population.  This  
knowledge  may  ultimately  help  establish  more  ideal  treatment  planning  based  on  




1.6.   Purpose,  Specific  Aims  and  Hypotheses  
 
1.6.1.   Purpose  
 
The  purpose  of  this  study  was  to  establish  normative  tooth  crown  size  
data  (mesio-­distal  width)  for  the  Chickasaw  Nation,  and  demonstrate  how  it  
relates  to  Caucasian  normative  values.  The  new,  normative  data  was  recorded,  
and  then  compared  to  standard  values  obtained  from  the  Iowa  Growth  Study.    
  
1.6.2.   Specific  Aims  and  Hypotheses  
 
Specific  Aim  1:  To  describe  the  normative  standard  data  for  mesio-­distal  tooth  
crown  width,  inter-­canine  width,  and  anterior  and  overall  Bolton  ratios  in  citizens  
of  the  Chickasaw  Nation.  
  
Specific  Aim  2:  To  examine  the  right  vs.  left  differences  in  mesio-­distal  tooth  
crown  widths  of  like-­teeth  of  each  individual  within  the  Chickasaw  Nation  sample.    
HA:  There  will  be  a  significant  right  vs.  left  difference  in  mesio-­distal  tooth  
crown  widths  of  like-­teeth  of  each  individual  within  the  Chickasaw  Nation  
sample.  
  
Specific  Aim  3:  To  examine  the  sex  differences  in  mesio-­distal  tooth  crown  
widths  of  like-­teeth  within  the  Chickasaw  Nation  sample.  
HA:  There  will  be  a  significant  gender  difference  in  mesio-­distal  tooth  





Specific  Aim  4:  To  examine  the  differences  in  mesio-­distal  tooth  crown  widths  
among  like-­teeth  between  the  Chickasaw  Nation  sample  and  Caucasian  
reference  data.    
HA:  There  will  be  a  significant  difference  in  mesio-­distal  tooth  crown  widths  
among  like-­teeth  between  the  Chickasaw  Nation  sample  and  Caucasian  
reference  data.  
  
Specific  Aim  5:  To  compare  the  anterior  and  overall  Bolton  ratios  of  the  
Chickasaw  Nation  sample  to  the  Caucasian  reference  data.    
   HA:  There  will  be  a  significant  difference  in  anterior  and  overall  Bolton  
   ratios  between  the  Chickasaw  Nation  sample  and  the  Caucasian  

























2.1.1.  IRB  Approval  
 
   IRB  approval  to  conduct  research  accessing  patients’  personal  health  
information  was  granted  at  Nova  Southeastern  University.    All  data  collected  was  
labelled  with  a  number  and  sex  only,  so  that  all  data  was  de-­identified  prior  to  the  
investigation  (Figure  1).    
  
  
Figure  3.  Example  of  subject  de-­identification  
  
2.1.2.  Ethical  Issues  
 
The  selected  models  for  our  study  were  obtained  from  patients  from  the  
Chickasaw  Nation  Department  of  Health  Dental  Clinics.  During  clinic  hours,  
selected  subjects  and  their  parents  or  guardians  were  approached  and  invited  to  
participate  in  the  study  by  either  the  principle  investigator  or  by  a  designated,  




potential  markers  were  de-­identified.    Participation  in  the  study  was  confined  to  




   This  study  was  funded  a  grant  from  the  Health  Professions  Division  at  
Nova  Southeastern  University.  
  
  
2.2.  Study  Groups  and  Variables  
 
The  independent  variables  of  the  study  included  the  population,  sex,  and  
tooth  number  of  the  participants.  The  dependent  variables  of  the  study  included  
the  mesio-­distal  crown  widths,  anterior  and  overall  Bolton  ratios,  and  inter-­canine  
width  of  the  dentition  in  each  arch.  The  research  study  evaluated  four  groups  
based  upon  sex  and  ethnicity.  The  first  two  groups  served  as  the  control,  and  
represented  the  male  and  female  samples  previously  used  in  the  Iowa  Growth  
Study  to  obtain  the  Caucasian  normative  values  currently  in  use  today.    The  
remaining  two  groups  consisted  of  male  and  female  citizens  of  the  Chickasaw  
Nation  of  Oklahoma.    The  following  groups  served  as  representations  of  their  
respective  ethnic  groups:          
1.   Males  average  age  13.8  years  who  lived  in  or  around  Iowa  City,  Iowa  
and  were  predominately  of  NW  European  Ancestry  
2.   Females  average  age  14.7  years  who  lived  in  or  around  Iowa  City,  




3.   Males  average  age  of  21.8  (11-­53)  years  who  lived  in  or  around  Ada,  
Oklahoma  and  were  registered  citizens  of  the  Chickasaw  Nation  of  
Oklahoma.    
4.   Females  average  age  of  20.2  (13-­39)  years  who  lived  in  or  around  
Ada,  Oklahoma  and  were  registered  citizens  of  the  Chickasaw  Nation  
of  Oklahoma.    
  
 
2.3.  Sample  Size  Estimate  
 
A  review  of  the  literature  revealed  similar  studies  that  evaluated  tooth  size  
differences  among  ethnicities  and  genders  that  showed  statistically  significant  
results  with  sample  sizes  ranging  from  3019  to  5717  patients,  with  an  average  
sample  size  of  43  patients.  Based  upon  the  aforementioned  studies,  the  
randomly  selected  sample  size  for  the  current  study  was  63  pairs  of  study  
models  from  citizens  of  the  Chickasaw  Nation  of  Oklahoma  that  met  the  inclusion  
criteria  for  our  study.  Our  control  population  was  obtained  from  57  Caucasian  
subjects  of  European  ancestry  obtained  from  the  Iowa  Facial  Growth  Study.17,18        
  
2.4.  Inclusion  and  Exclusion  Criteria  
2.4.1  Chickasaw  Nation  Samples  
   Inclusion  criteria  for  the  Chickasaw  Nation  Samples  involved  being  
registered  Chickasaw  Nation  Tribal  Citizens  with  a  Certified  Degree  of  Indian  
blood  (CDIB)  age  11-­65.  Participants  were  male  and  female  and  with  all  incisor,  




arches  (Figure  4).  All  dental  casts  obtained  from  the  patients  were  inspected  for  
obvious  irregularities  due  to  impression  technique,  and  were  disqualified  from  the  
study  if  such  irregularities  existed.    
   Exclusion  criteria  for  the  Chickasaw  Nation  Samples  included  individuals  
not  registered  as  citizens  with  adequate  blood  certification,  patients  with  cleft  lip  
and/or  palate,  patients  requiring  complex  interdisciplinary  surgical  correction,  
patients  with  systemic  health  disorders  that  could  affect  dental  development,  
patients  who  were  partially  edentulous,  and  patients  with  visible  attrition,  caries,  
or  restorations  affecting  normal  tooth  dimensions.    
 
 








Native	  American	  with	  
Certified	  Degree	  of	  
Indian	  Blood
Chickasaw	  Citizen
Full	  complement	  of	  
teeth	  (1st	  molar-­‐1st	  















2.4.2  Iowa  Growth  Study  Samples  
   Inclusion  criteria  for  the  Iowa  Growth  Study  Samples  involved  being  
patients  who  lived  in  or  around  Iowa  City,  Iowa  and  were  predominately  of  NW  
European  Ancestry.  All  patients  had  a  full  complement  of  incisor,  cuspid,  
bicuspid,  and  first  molar  teeth  present  in  the  maxillary  and  mandibular  arches.  All  
teeth  were  assessed  to  be  morphologically  normal  and  the  patients  possessed  
Class  I  Molar  Occlusion.51  (Figure  5)  
   Exclusion  criteria  for  the  Iowa  Growth  Samples  included  patients  with  cleft  
lip  and  or  palate,  patients  requiring  complex  interdisciplinary  surgical  correction,  
patients  with  severe  health  disorders,  and  patients  with  visible  attrition,  wear,  
caries,  or  restorations  affecting  normal  tooth  dimensions.  
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   A  non-­probability  sampling  was  used  to  select  potential  subjects.    Those  
subjects  who  passed  the  inclusion  and  exclusion  criteria  were  approached  when  
they  presented  to  Chickasaw  Nation  Dental  Clinics  for  their  periodic  dental  
appointments.  Once  subjects  were  selected,  an  informed  consent  form  was  
reviewed  and  signed  by  the  patient  and/or  parent/guardian.    The  informed  
consent  described  the  risks  and  benefits  involved  in  the  study.  Participation  in  the  
study  was  completely  voluntary.  Following  parental  consent,  adolescent  assent;;  if  
required,  was  obtained.  A  random  sampling  of  those  qualified  subjects  was  
taken,  with  63  subjects  chosen  to  represent  the  patient  population.  Two  sets  of  
measurements,  for  a  total  of  126  samples  of  each  tooth,  were  taken  on  all  






2.5.2.a  Iowa  Facial  Growth  Study  
   Measurements  were  made  directly  on  57  un-­soaped  dental  casts  used  for  
the  Iowa  Facial  Growth  Study  (Figure  6).  The  accuracy  of  plaster  casts  fabricated  
from  alginate  impressions  as  a  representation  of  actual  tooth  size  was  
investigated  by  Hunter  and  Priest,  who  concluded  that  measurements  made  on  
dental  casts  are  more  reliable  than  those  made  directly  in  the  mouth.50  Prior  to  




mm  Mitutoyo  Steel  Rectangular  Gage  Blocks  (Figure  7).  Each  block  was  also  
measured  with  the  calipers  after  each  set  of  models,  to  ensure  that  calibration  
was  maintained.  Calibration  was  considered  reliable  within  a  tolerance  of  ±  0.1  
mm  after  measurement  of  each  set  of  study  models.  The  mesio-­distal  
dimensions  of  the  teeth  on  the  casts  were  measured  with  pointed  calipers  to  the  
nearest  0.1  mm.  Measurements  were  taken  according  to  the  procedures  of  
Hunter  and  Priest,  with  the  greatest  mesio-­distal  diameter  at  the  anatomic  mesial  
contact  point  to  the  distal  contact  point  (Figure  8)  of  each  tooth  measured  parallel  
to  occlusal  table  on  the  buccal  surface.52  (Figure  9)  The  principal  investigator  
measured  and  recorded  values  for  each  tooth  crown  measurement.  The  principal  
investigator  then  compared  the  values  to  the  recorded  numbers  for  each  cast  
established  during  previous  studies  to  verify  technique  and  measurement  
accuracy.  The  required  intra-­examiner  reliability  was  set  at  0.2  mm.  No  individual  
tooth  crown  measurements  exhibited  a  discrepancy  greater  than  0.2  mm;;  





















Figure  9.  Representation  of  Measuring  Technique  Used  on  All  Samples  
  
  
2.5.2.b  Chickasaw  Nation    
   Measurements  were  made  directly  on  the  63  un-­soaped  dental  casts  
(Figure  10).  Measurements  were  once  again  taken  according  to  the  procedures  
of  Hunter  and  Priest,  with  the  greatest  mesio-­distal  diameter  at  the  anatomic  
mesial  contact  point  to  the  distal  contact  point  (Figure  8)  of  each  tooth  measured  
parallel  to  occlusal  table  on  the  buccal  surface  (Figure  9).52  The  same  calibration  
protocol,  as  previously  defined,  was  followed  throughout  the  entire  experiment.    
The  principal  investigator  and  research  assistant  each  independently  measured  
and  recorded  values  for  each  tooth  crown  measurement.  The  required  intra-­




greater  than  this  limit  necessitated  a  new  set  of  measurements,  and  the  three  




Figure  10.  Chickasaw  Nation  Study  Sample  Example  
  
  
2.5.2.c  Measurement  Reliability 
   The  principal  investigator  and  the  research  assistant  measured  tooth  
widths,  tooth  segment  widths,  and  inter-­canine  widths  on  the  casts,  and  entered  
the  measurements  into  excel  data  sheets.  The  principal  investigator  and  the  
research  assistant  followed  the  same  measurement  guidelines  when  measuring  
casts  for  this  study.  Neither  observer  was  able  to  view  the  other’s  measurements  
until  the  analysis  for  the  reliability  of  measurements  was  completed  by  the  
statistician.  To  guarantee  the  correct  points  were  measured,  the  measurement  
guidelines  of  Hunter  and  Priest  were  thoroughly  reviewed,  and  the  principal  





2.5.3  Data  Recording     
   The  data  collected  was  recorded  and  arranged  in  table  format.  The  mean,  
standard  deviation,  minimum  and  maximum  values  were  recorded  for  each  tooth;;  
as  well  as,  for  the  sums  of  the  following  groups  of  teeth:  (1)  maxillary  and  
mandibular  central  and  lateral  incisors  on  each  side  of  the  arch;;  (2)  all  four  
mandibular  incisors;;  (3)  the  maxillary  canines  and  all  four  incisors;;  (4)  the  
mandibular  canines  and  all  four  incisors;;  (5)  the  canine,  first  premolar,  and  
second  premolar  in  each  quadrant;;  (6)  the  maxillary  incisors  and  canines;;  (7)  the  
mandibular  incisors  and  canines;;  (8)  the  maxillary  incisors,  canines,  premolars,  
and  first  molars;;  and  (9)  the  mandibular  incisors,  canines,  premolars,  and  first  
molars.  The  intercanine  width  (measured  from  cusp  tip  to  cusp  tip  perpendicular  
to  the  midline)  was  also  recorded  in  each  arch.  From  the  collected  
measurements,  the  3-­3  Bolton  ratio  and  the  6-­6  Bolton  ratio  for  the  Chickasaw  





2.6.  Statistical  Analysis  
   
A  Welch  t-­test  was  used  for  individual  tooth  comparisons.  Right-­  vs.  left-­side  
comparisons  were  evaluated  with  paired  t-­tests.  A  Two-­Way  ANOVA  with  Tukey  
Pairwise  Comparisons  was  used  to  compare  males  and  females  within  each  
sample  group;;  as  well  as  males  and  females  between  groups.  A  Welch  t-­test  was  
also  used  to  evaluate  Bolton  segment  and  Bolton  ratio  comparisons  between  
Native  Americans  and  Caucasians.  Statistical  differences  were  determined  at  the  























Chapter  3:  Results     
  
  
3.1.  Chickasaw  Nation  Sample  Measurements  
 
   The  principal  investigator  and  research  assistant  each  independently  
measured  and  recorded  values  for  each  tooth  measurement.  The  principal  
investigator’s  measurements  are  displayed  as  sample  measurements  A  (Tables  
1  and  2),  and  the  research  assistant’s  measurements  are  displayed  as  sample  
measurements  B  (Tables  3  and  4).  The  teeth  measured  in  the  study  were  labeled  





Figure  11.  Universal  and  Palmer’s  Tooth  Notation  
 
 





























  Table  2.  Chickasaw  Nation  Female  Sample  Measurements  A    
  
  








Table  3.  Chickasaw  Nation  Male  Sample  Measurements  B  
  
  


























3.2  Descriptive  Statistics  
  
Descriptive  statistics  were  used  to  analyze  the  Chickasaw  Nation  Sample  
(Tables  5,6,  and  7).  The  mean,  standard  deviation,  minimum,  and  maximum  
values  of  all  teeth;;  as  well  as,  the  intercanine  distance  were  recorded  for  the  
maxilla  (Table  5)  and  the  mandible  (Table  6).    
The  mean,  standard  deviation,  minimum,  and  maximum  values  were  
recorded  for  the  following  segments:  UL1(9)+UL2(10),  UR1(8)+UR2(7),  
LL1(24)+LL2(23)+LR1(25)+LR2(26),  UR3(6)+UR4(5)+UR5(4),  
UL3(11)+UL4(12)+UL5(13),  LR3(27)+LR4(28)+LR5(29),  
LL3(22)+LL4(21)+LL5(20),  U3-­3  Bolton  Segment,  L3-­3  Bolton  Segment,  U6-­6  










S=sample  number,  M=mean,  SD=standard  deviation,  Min=minimum,  Max=maximum.  
  
  
     
  





3.3.  Chickasaw  Nation  Sample  Comparisons  
  
  




*Significant  at  the  level  P<0.05.  CI=confidence  interval.  
  
  
   Paired  t-­test  analysis  of  the  right  vs.  left  side  dentition  showed  the  
presence  of  a  significant  difference  in  males  between  the  maxillary  first  molars  
(UR6:UL6),  maxillary  first  pre-­molars  (UR4:UL4),  maxillary  lateral  incisors  
(UR2:UL2),  mandibular  canines  (LR3:LL3),  and  mandibular  first  pre-­molars  
(LR4:LL4).  Paired  t-­test  analysis  of  the  right  vs.  left  side  dentition  showed  the  




molars  (UR4:UL4),  maxillary  canines  (UR3:UL3),  and  mandibular  lateral  incisors  
(LR2:LL2).  From  the  collected  data,  we  identified  significant  differences  present  
in  the  same  teeth  on  opposing  sides  of  the  dental  arch  in  the  Chickasaw  
Population  Sample.  (Table  8)  
  
3.3.2.  Male  vs.  Female  
  
  





 Mixed  ANOVA  Analysis  with  a  Tukey  HDS  test  of  like  teeth  in  the  
Chickasaw  Nation  Sample  comparing  males  vs.  females  showed  significant  
differences  in  mesio-­distal  tooth  width  of  UR6(3),  UR5(4),  UR4(5),  UR3(6),  
UR1(8),  UL1(9),  UL2(10),  UL3(11),  UL4(12),  UL5(13),  LR6(14),  LR5(29),  
LR3(27),  LL2(23),  LL3(22),  LL4(21),  LL5(20),  and  LL6(19).  It  showed  no  
significant  difference  in  mesio-­distal  tooth  width  of  UR2(7),  UL6(14),  LR4(21),  
LR2(26),  LR1(25),  LL1(24)  and  the  maxillary  and  mandibular  intercanine  



























3.4.  Chickasaw  Nation  and  Caucasian  Tooth  Comparisons  
 
  




*Significant  at  the  level  P<0.05.  CI=confidence  interval.  
  
  
   Paired  t-­test  analysis  of  the  male  dentition  comparing  the  Chickasaw  
Nation  Study  Sample  vs.  the  Caucasian  Standard  data,  showed  the  presence  of  
a  significant  difference  in  mesio-­distal  tooth  width  in  UR5(4),  UR4(4),  UR3(6),  
UR2(7),  UL1(9),  UL2(10),  UL3(11),  UL4(12),  UL5(13),  UL6(14),  LR6(30),  




LL6(19).  It  also  showed  the  presence  of  a  significant  difference  in  the  tooth  
segments:  UR3(6)+UR4(5)+UR5(4),  UL3(11)+UL4(12)+UL5(13),  
LL3(22)+LL4(21)+LL5(20),  and  LR3(27)+LR4(28)+LR5(29).  The  presence  of  no  
significant  difference  was  found  in  UR6(3),  UR1(8),  LR1(25)  and  LL1(24)  (Table  
10).  
  




*Significant  at  the  level  P<0.05.  CI=confidence  interval.  
  
  
   Paired  t-­test  analysis  of  the  female  dentition  comparing  the  Chickasaw  
Nation  Study  Sample  vs.  the  Caucasian  Standard  data,  showed  the  presence  of  
a  significant  difference  in  mesio-­distal  tooth  width  in  UR5(4),  UR4(5),  UR3(6),  




LR4(28),  LR3(27),  LR2(26),  LL2(23),  LL3(22),  LL4(21),  LL5(20),  and  LL6(19).  It  
also  showed  the  presence  of  a  significant  difference  in  the  tooth  segments:  
LL3(22)+LL4(21)+LL5(20),    LR3(27)+LR4(28)+LR5(29),  UR3(6)+UR4(5)+UR5(4)  
and  UL3(11)+UL4(12)+UL5(13).  The  presence  of  no  significant  difference  was  
found  in  UR6(3),  UR1(9),  LR1(24)  and  LL1(25)  (Table  11).  
  
  




        *Significant  at  the  level  P<0.05.  CI=confidence  interval.      
  
  
Paired  t-­test  analysis  of  the  Bolton  Ratios  comparing  the  Chickasaw  
Nation  Study  Sample  vs.  the  Caucasian  Standard  data  showed  the  presence  of  a  














Analysis  of  the  Chickasaw  Nation  Study  Sample  vs.  the  Caucasian  
Standard  data  shows  that  clinically,  the  study  ratios  are  less  than  0.3  (3-­3)  and  
0.4  (6-­6)  standard  deviations  from  the  Standard  Bolton  Ratios  (Table  13).  Less  
than  two  standard  deviations  of  variance  was  determined  to  be  clinically  
insignificant;;  therefore,  the  study  ratios  are  within  normal  limits  and  the  Standard  


















Chapter  4:  Discussion  
 
 
4.1.  Goals  of  the  Study  
Each  patient  population  possesses  unique  dental  characteristics  and  tooth  
dimensions  that  influence  treatment  strategies  and  justification.  Shovel  shaped  
incisors  and  broad  faces  with  large  teeth  are  common,  generalized  traits  that  
have  been  used  to  describe  Native  Americans.15,44  Even  though  these  descriptive  
traits  are  commonly  used,  there  have  been  very  few  studies  that  have  
established  normative  tooth  size  values  for  Native  American  tribes.  Common  
assumptions  have  been  made  regarding  all  Native  Americans,  without  a  
sampling  or  analysis  of  individual  tribes  completed.  The  goal  of  this  study  was  to  
help  provide  orthodontists  and  anthropologists  with  standards  for  mesio-­distal  
tooth  crown  sizes  of  the  maxillary  and  mandibular  dentition  for  citizens  of  the  
Chickasaw  Nation.  The  results  then  allowed  for  a  direct  comparison  of  the  
dentition  of  tribal  citizens  to  the  normative  values  of  the  Caucasian  dentition,  in  
an  attempt  to  evaluate  diagnostic  and  predictive  equations  and  their  accuracy  as  
they  relate  to  this  Native  American  population.  The  established  tooth  crown  sizes  
were  next  used  to  evaluate  the  3-­3  and  6-­6  Bolton  ratios  for  this  patient  
population.  The  ratios  were  compared  to  the  normative  ratios  established  by  Dr.  
Wayne  Bolton  1,2,  to  determine  if  there  was  a  significant  difference  among  the  






4.2.  Significant  Findings    
4.2.1.  Chickasaw  Nation  Sample  
 
4.2.1.a.  Males  vs.  Females    
   Several  studies  have  reported  the  existence  of  significantly  larger  teeth  in  
the  male  dentition,  as  opposed  to  the  female  dentition.  7,9-­329,31  The  results  from  
our  mixed  ANOVA  analysis  with  Tukey  HDS  test  of  like  teeth  showed  significantly  
larger  male  mesio-­distal  tooth  widths  in  eighteen  of  the  twenty-­four  possible  tooth  
values.  This  display  of  sexual  dimorphism  is  consistent  with  the  papers  of  Lavelle  
7  and  others  7,9-­29,31,  that  stated  male  teeth  are  consistently  larger  than  female  
teeth,  and  that  not  all  the  teeth  show  a  significant  difference.  The  most  significant  
variance  was  found  in  the  lower  canines  (p<.001),  and  the  least  significant  
variance  was  found  in  the  mandibular  central  incisors  (p>0.376).  Both  results  are  
consistent  with  the  findings  of  Arya  et  al.  9  
4.2.1.b.  Right  vs.  Left    
   The  results  from  our  paired  t-­test  analysis  with  a  Bonferoni  Adjustment  
showed  the  presence  of  a  significant  difference  in  males  between  the  maxillary  
first  molars,  maxillary  first  pre-­molars,  maxillary  lateral  incisors,  mandibular  
canines,  and  mandibular  first  pre-­molars.  The  results  also  established  a  
significant  difference  in  females  between  the  maxillary  first  pre-­molars,  maxillary  
canines,  and  mandibular  lateral  incisor.  Our  results  are  similar  to  those  reported  
by  Bishara,18  who  stated  that  while  opposing  teeth  do  demonstrate  statistically  




deemed  clinically  insignificant.  Clinically,  the  differences  in  actual  tooth  width  are  
less  than  0.1mm,  which  is  clinically  insignificant.  
  
4.2.2.  Chickasaw  Sample  vs.  Iowa  Growth  Study  Sample  
4.2.2.a.  Male  Comparison  
   Paired  t-­test  analysis  showed  the  presence  of  a  significant  difference  in  
mesio-­distal  tooth  width  in  twenty  of  the  twenty-­four  measured  teeth.  Additionally,  
there  is  a  significant  difference  found  among  measured  segments.  The  presence  
of  a  significant  difference  among  the  majority  of  the  teeth  present  in  the  
Chickasaw  vs.  Caucasian  population  samples  agrees  with  previous  studies,  who  
demonstrated  significant  differences  among  various  ethnicities  of  patient  
populations.  7,9,11-­14,16,19-­29,31  Similar  to  Otuyemi,  and  the  Nigerian  patient  
population  19,  we  see  that  the  Chickasaw  dentition  is  generally  larger  than  the  
Caucasian  population,  with  twenty  of  the  twenty-­  four  measured  teeth,  displaying  
a  significant  difference.  Interestingly,  the  maxillary  central  incisors  (UL1  and  
UR1)  were  similar  in  size  to  the  Caucasian  normative  values,  with  only  the  UR1  
significantly  different  in  size  (p=0.030).  Shovel  shaped  incisors,  as  previously  
documented  in  other  studies  for  the  Native  American  dentition45,46,  were  present  
in  approximately  45%  of  the  models  in  the  study,  but  they  appear  to  not  affect  the  






4.2.2.b.  Female  Comparison  
  
   A  paired  t-­test  analysis  showed  the  presence  of  a  significant  difference  in  
mesio-­distal  tooth  width  in  nineteen  of  the  twenty-­four  evaluated  teeth.  It  also  
showed  the  presence  of  a  significant  difference  in  the  analyzed  tooth  segments  
of  the  lower  dentition.  Similar  to  our  male  analysis,  the  presence  of  a  significant  
difference  among  the  majority  of  the  teeth  present  in  the  Chickasaw  vs.  
Caucasian  population  samples  agrees  with  previous  studies,  who  demonstrated  
significant  differences  among  different  ethnicities  of  patient  populations.  7,9,11-­
14,16,19-­29,31  The  female  Chickasaw  dentition  is  generally  larger  than  the  Caucasian  
population,  with  nineteen  of  the  twenty-­  four  measured  teeth,  displaying  a  
significant  difference.  Also,  similar  to  the  male  sample,  the  central  incisors  were  
very  similar  to  the  Caucasian  normative  values,  with  only  the  UR1  significantly  
different  (p=0.030). 
       
 
4.2.3.  Bolton  Ratios  
   One  sample  t-­test  analyses  of  the  Bolton  Ratios  comparing  the  study  
mean  against  the  Caucasian  mean  showed  the  presence  of  significant  difference  
between  the  Chickasaw  Nation  Study  Sample  vs.  the  Caucasian  Normative  data  
for  the  anterior  3-­3  and  overall  6-­6  Bolton  ratios  (p=0.001).  The  significant  
differences  present  between  our  sample  and  the  normative  Bolton  ratios,  indicate  
that  the  ratios  are  not  applicable  to  the  Chickasaw  Nation  patient  population  in  its  




The  specific  type  of  patient  population  Bolton  analyzed  to  formulate  the  Bolton  
ratios  was  never  published.  However,  it  has  been  hypothesized  that  the  
population  was  pre-­dominantly  composed  of  Caucasian  females,  as  the  sample  
was  obtained  in  the  1950s,  and  most  orthodontic  patients  at  the  time  were  
Caucasian  females29,53.    Based  on  the  findings,  our  results  appear  to  agree  with  
those  of  previous  studies29,31,  in  determining  that  different  patient  populations  
necessitate  the  formulation  of  Bolton  ratios  specific  to  them  to  determine  ideal  
tooth  size  balance.  However,  while  the  results  of  the  study  show  a  significant  
difference  between  our  sample  and  the  normative  values,  when  entered  into  the  
Bolton  analysis,  both  the  3-­3  and  6-­6  Bolton  ratios  were  found  to  be  within  
normal  limits.  The  3-­3  ratio  and  the  6-­6  ratio  were  0.4  standard  devaiations  and  
0.3  standard  deviations  from  the  normal  ratios  respectively  .  Bolton  indicated  that  
any  ratio  over  1  standard  deviation  from  the  normative  value  should  be  
considered  significant,  while  other  authors  have  concluded  that  anything  over  2  
standard  deviations  is  a  significant  discrepancy54,55.  Therefore,  even  though  a  
statistically  significant  difference  is  present  in  the  tooth  widths  of  the  Chickasaw  
Nation  sample  and  the  Caucasian  normative  sample,  the  Chickasaw  Nation  
sample  still  falls  within  normal  limits  of  the  Bolton  Analysis.  We  can  conclude  that  






4.3.  Clinical  Significance  
   This  study  provides  orthodontists  with  a  better  understand  of  the  dentition  
of  a  Native  American  patient  population.  Ideal  treatment  is  predicated  on  
thorough  knowledge  of  the  patient  population,  in  depth  analysis  of  the  
malocclusion,  and  descriptive  treatment  planning.  Without  adequate  knowledge  
of  a  patient  population,  the  ability  to  perform  proper  diagnosis  and  treatment  
planning  is  inhibited.  The  measurements  obtained  allow  for  a  more  thorough  
analysis  and  understanding  of  the  dentition  of  citizens  of  the  Chickasaw  Nation.    
   Establishment  of  normative  values  for  the  mesio-­distal  width  of  each  tooth  
in  the  permanent  dentition,  as  well  as  segments  of  teeth,  serves  as  the  
foundation  for  future  studies  into  the  dentition  of  the  Chickasaw  Nation;;  as  well  
as,  other  Native  American  tribes.  At  the  same  time,  these  values  provide  
descriptive  data,  that  enables  a  more  thorough  analysis  of  patient  tooth  size  
discrepancies  and  prediction  equations  to  verify  applicability  to  this  patient  
population.  In  addition,  the  knowledge  of  mesio-­distal  widths  of  the  
predetermined  tooth  segments,  such  as  the  lower  2-­2  and  3’s-­5’s  will  now  allow  
for  an  accurate  determination  of  whether  or  not  the  Moyer’s  or  Tanaka  and  
Johnston  mixed  dentition  analyses  are  applicable  to  the  Chickasaw  Nation  in  
their  current  form.  If  found  to  be  no  longer  applicable,  new  prediction  charts  will  
need  to  be  fabricated  to  represent  the  tribal  population  more  accurately.    
   Based  on  the  results  of  the  study,  formulation  of  a  Bolton  ratio  specific  to  




occlusion.  The  analyzed  data  validates  the  applicability  of  the  standard  Bolton  
ratios  to  this  patient  population;;  thereby,  allowing  successful  use  of  the    
Standard  Bolton  Analysis  on  this  patient  population  without  modification.  
 
4.4.  Limitations  
Our  study  includes  some  limitations  that  must  be  considered  when  
interpreting  results.    A  factor  that  may  potentially  have  significant  influence  was  
the  Certified  Degree  of  Indian  Blood  Quantum  possessed  by  the  patients  
representing  the  Chickasaw  Nation  of  Oklahoma.    Lack  of  the  specific  degree  of  
Indian  blood  quantum  possessed  by  each  patient  could  affect  the  expression  of  
the  genetic  differences  associated  with  our  comparative  ethnicities.  The  
Chickasaw  Nation  of  Oklahoma  is  a  tribe  of  predominately  mixed-­blood  
heritage46,  and  the  quantity  of  Native  American  blood  each  tribal  citizen  
possesses  can  vary  greatly.  Without  controlling  for  the  quantum  of  Native  
American  blood  possessed  by  each  patient,  it  is  difficult  to  accurately  gauge  the  
degree  of  influence  ethnicity  projects  on  the  dental  traits  of  our  patient  
population.  Townsend  demonstrated  that  64%  of  permanent  tooth  size  variability  
was  influenced  genetically  33;;  therefore,  the  Certified  Degree  of  Indian  Blood  
each  citizen  possesses  could  have  profound  effects  on  the  sample.  
An  additional  factor  to  be  considered  is  sample  size.  While  our  sample  
size  meets  or  exceeds  those  obtained  in  previous  studies,  it  would  be  beneficial  




represent  the  Chickasaw  Nation  as  a  whole  even  more  accurately.  This  better  
representation  would  serve  to  either  reinforce,  or  modify  our  results  accordingly.  
Impression  technique  could  have  also  affected  the  final  results  of  our  
study.  While  all  dental  casts  obtained  from  the  patients  were  inspected  for  
obvious  irregularities  due  to  technique,  and  were  disqualified  from  the  study  if  
such  irregularities  existed,  there  is  still  a  chance  of  slight  distortion  during  the  
impression.  Additionally,  since  the  primary  investigator  handled  direct  fabrication  
of  most,  but  not  all  casts,  it  is  unclear  whether  all  casts  were  poured  from  the  
impression  immediately,  or  if  the  impression  was  allowed  to  sit  for  any  period  of  
time,  thereby  allowing  for  distortion.  Future  studies  that  allowed  for  one  person  to  
take  impressions  and  pour  up  casts  immediately  would  limit  this  possibility  of  
distortion,  and  serve  as  a  verification  of  the  measurements  obtained  in  this  study.  
  
4.5.  Future  Studies      
Future  studies  should  include  an  even  larger  sample  size  to  further  
confirm  the  relationships  found  in  this  study.  Larger  sample  sizes  would  allow  
better  representation  of  the  patient  population  as  a  whole.  Furthermore,  a  larger  
sample  size  would  allow  for  better  delineation  and  analysis  of  the  effects  of  blood  
quantum  on  tooth  size/morphology.  More  subjects  would  have  helped  further  
support  or  negate  our  results,  and  thus  would  have  provided  more  concrete  
evidence.    
Future  studies  that  further  delineate  for  blood  quantum,  malocclusion  




Features;;  such  as,  mesio-­distal  tooth  width,  bucco-­lingual  tooth  width,  and  shape  
(shovel-­shaped  incisors)  could  be  evaluated  based  on  blood  quantum  to  
determine  if  there  is  a  significant  difference  in  size  and/or  shape  based  on  the  
degree  of  native  blood  present  in  each  individual.  Additionally,  if  a  significant  
difference  is  found,  the  threshold  of  blood  quantum,  at  which  the  differences  lose  
their  significance  could  be  determined.  Due  to  the  lack  of  published  information  
descriptively  detailing  the  Native  American  dentition,  with  respect  to  individual  
tribes,  studies  providing  descriptive  details  and  measurements  for  additional  
Native  American  tribes  should  also  be  considered  for  future  investigation.  Kellam  
34  found  that  based  on  the  relationships  of  arch  perimeter  to  crowding,  Navajo  
Indians  possessed  an  even  greater  need  for  orthodontic  treatment  than  
Caucasians.  Further  analysis  of  individual  tribes  from  different  locations,  could  be  
used  to  further  expound  on  this  finding.    
Additionally,  the  mesio-­distal  widths  of  the  individual  teeth  and  tooth  
segments  can  now  be  analyzed  to  determine  if  the  Moyer’s  or  Tanaka  and  
Johnston  mixed  dentition  analyses  are  applicable  to  the  tribe.  If  modifications  are  
required  to  more  accurately  represent  the  tribe,  these  normative  measurements  









Chapter  5:  Conclusions  
  
1.  Normative  mesio-­distal  tooth  width  data  was  established  for  the  Chickasaw  
Nation  of  Oklahoma.  This  data  will  better  aid  in  diagnosis  and  treatment  
planning  for  citizens  of  the  tribe  due  to  a  more  accurate  value  set,  fabricated  
for  this  specific  patient  population.  These  values  can  now  be  used  in  future  
analysis  of  prediction  equations  and  tooth  size  discrepancies.  They  can  also  to  
be  used  for  intertribal  and  population  comparisons  to  determine  if  significant  
differences  are  present  with  other  tribes  or  populations  from  similar  and  
different  regions.    
2.  Significant  differences  between  sexes  were  found  among  citizens  of  the  
Chickasaw  Nation.  The  male  dentition  exhibited  a  generalized,  larger  mesio-­
distal  width  among  tooth  crowns  and  tooth  segments  in  the  study.  
3.  Significant  Right  and  Left  side  differences  were  found  among  like  teeth  on  
opposing  sides  of  the  dental  arch  among  Chickasaw  Citizens.  However,  the  
true  differences  in  width  were  less  than  0.1mm  clinically,  thus  proving  the  
differences  to  be  clinically  insignificant.  This  finding  was  consistent  with  
previous  studies    
4.  Significant  differences  were  found  between  citizens  of  the  Chickasaw  Nation  
and  the  Caucasian  normative  values  from  the  Iowa  Growth  Study.  Both  the  
male  samples,  and  the  female  samples  exhibited  a  number  of  significantly  




dental  arch.  These  differences  strongly  reinforce  the  need  for  standard  value  
establishment  for  individual  patient  populations.  
5.  3-­3  and  6-­6  Bolton  ratios  were  analyzed  for  the  Chickasaw  Nation  Sample.  
Both  ratios  were  significantly  different  than  the  standard  Bolton  ratios  currently  
in  use  today,  but  when  entered  into  the  Bolton  Analysis,  both  ratios  fell  within  
normal  limits.  Since  the  ratios  fall  within  the  realm  of  normal  limits  for  the  
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